No systematic investigation of the prevalence of anaemia in Jamaican infants and young children has yet been reported, but the preliminary results of a longitudinal study of 300 babies born at the University Hospital, Kingston, show that by 12 months of age 24% had haemoglobin (Hb) concentrations less than IOO g/l, and by 18 months the proportion had reached 46 % (S. A. Grantham-McGregor, personal communication) . I n rural Jamaica, Ashcroft, Milner & Wood (1969) found that in a sample of 100 infants aged from 3 to I I months, 23 % had Hb concentrations less than IOO g/l.
The general impression from clinical experience is that some degree of anaemia is quite common in infants and young children here, mainly as a result of an inadequate intake of iron, although folic-acid deficicncy is seen in some idants (MacIver & Back 1960) .
I n Jamaica, maize meal is the staple food of the weaning diet and mixcd feeding is usually not fully established before the age of 3 years (Fox, Campbell & Morris, 1968) . As a result, the consumption of maize-meal porridge tends to be high for a considerable period of time, extending throughout early childhood. Studies have shown that in adults only about 5 % of the Fe in maize is absorbed (Layrisse, MartinezTorres & Roche, 1968; Layrisse, Cook, Martinez, Roche, Kuhn, Walker & Finch Much interest is at present being focused on the use of soya beans in the formulation of high-protein vegetable mixtures for the supplementary feeding of infants and children in developing countrics. Besides being rich in protein, soya beans have a high Fe content (about I 10 mg/kg compared with only 25 mg/kg in maize). I n adults the availability of soya-bean Fe was found to be better than that from any other vegetable source (Layrisse et al. 1969) .
In the absorption studies reported here we selected maize meal and soya-bean preparations as the test foods to deterniine (a) whether the Fe in maize is poorly absorbed by infants, as has becn demonstrated in adults, and (b) whether soya-bean flour would be a useful source of Fe in the feeding of young children.
M E T H O D S

Szhjects
Forty-two Kingston children were studied, of whom thirty-nine were supposedly healthy children from two orphanages for abandoned children and three were children who had recovered from malnutrition in thc Tropical Metabolism Research Unit. We have no information about the food intakes o f individual children in the orphanages. Their ages ranged from 5 months to 2 years although precise ages were not known for abandoned children. Results for three children who had diarrhoea and fever at the time of the tests have been omitted.
Three series of tests were made at different times, with maize meal, boiled soya beans and baked soya beans. For each series a group of children was selected by the matrons of the orphanages. The criteria of selection were that the children should be apparently healthy, and that they should be small enough to be studied in the wholebody counter.
Hb concentration, packed cell volume (PCV), mean corpuscular Hb concentration (MCHC), serum Fe, total Fe-binding capacity (TIBC), unsaturated Fe-binding capacity (UIBC) and the percentage saturation of TIBC were measured for each child by methods previously described (Wood, Milner & Pathak, 1968) . H b electrophoresis was performed to exclude sickle-ccll anaemia. These measurements mere usually made at the time of the first absorption test. They were not repeated with subsequent tests.
Production of radioactive material
Radioactive maize (Zea mays IL.) and soya bean (GZycim hispida Max.) were grown at the University of Washington, Seattle, Washington, USA. The plants were grown in a nutrient solution to which radioactive Fe (59Fe) was added as described in detail by Layrisse et al. (1969) .
Preparation of the test meals Maize. An amount of radioactive maize which contained 0 . 1 ,uCi 5YFe was added to unlabelled maize to provide a total of 0-5 mg Fe per test meal. The mixture was boiled with distilled water in an aluminium pan for 15 min and then homogenized in an electric blender so that the consistency was suitable for passing through a nasogastric tube.
Soya beans. I n the first series of tests (group I ) with boiled soya beans, the procedure 
hleasurement of Fe absorbed
Any oral dosing uith supplementary Fe was stopped at least 4 d before thc study began. All absorption studies were carried out after a 5-6 h fast and the children were not fed for a further 3 h after the test was performed. The test doses wTere given by nasogastric tube and washed through with 10 ml distilled water.
The amount of radioactivity in the child was measured in a 4 pi liquid scintillation counter (Garrow, 1965) . On the day when the test was done the counting procedure was as follows:
A, background-counter empty B, standard471 pCi 59Fe solution C, child before dosing D, child approximately 30 min after dosing E, background-to check that no vomiting had occurred in the counter.
The value C -A represents the counts produced by natural 40K in the child, plus any 59Fe radioactivity remaining if the child had had a previous test. This 'background' count on the child was subtracted from all subsequent counts on the child to give a corrected count. Whenever a count was made on a child the standard was counted as well, to correct for radioactive decay. No correction was made for self-absorption; in theory a small systematic error is introduced by the fact that at the time of the initial count the radioactivity is concentrated in the stomach and intestinal tract, whereas at the time of the final count it is distributed throughout the body. Because of the high energy of the b9Fe radiation, the error produced in this way is not large and was ignored; to correct for it accurately would be extremely difficult.
The percentage absorption (more strictly, retention) of Fe was calculated from the corrected count on the child 5-7 d after the test feed. In pilot studies, serial measurcments were made day by day on children in the ward. It was found that the count fell to a constant level after 4-5 d. Counts were routinely made on children from the orphanages, who were not in-patients, 7 d after the test feed.
The background value for the child was approximately 5500 counts/min, and the net value produced by 0-1 pCi was approximately 50 ooo counts/min. Counts were made on the children for two 5 min periods. With these counting conditions the radioactivity retained could be estimated with a counting error of z yo even when it amounted to only 10% of the dose. TVc calculated that if the whole test dose had been retained, the total radiation dose averaged over a period of 13 weeks would be approximately O ' O j of the permissible whole-body burden €or continuous exposure (International Commission for Radiation Protection, 1960) .
Sequence and replication of tests
Since the liquid scintillatian counter was not sensitive to 55Fe, the double-isotope method (Brise & Hallberg, 1962) could not be used, and all tests were done with 59Fe. The test food and ferrous ascorbate were compared at intervals of a week, the order being reversed in alternate subjects. I n some subjects a third test was done with the same material as that used in the first test, either the labelled food or ferrous ascorbate. This provided two estimates of absorption of the same substance in the same subject; these paired estimates are referred to as duplicate tests, and the average of the two was used for calculating the mean absorption of the group.
R E S U L T S
Variation of absorption in duplicate tests with the same material
The variation between duplicate tests in the same subject was large (Table I) , and somewhat greater than the range found by Cook, Layrisse & Finch (1969) in the same subject tested on successive days.
Absnrfltion of Fe from maize and soya beans
T h e haernatological values and Fe status of the children tested with boiled maize meal are shown in The results for children tested with labelled soya-bean preparations are shown in Table 3 . In group I (boiled soya beans), the mean Fe absorption was only 2.874,. This was considerably lower than the absorption from soya-bean flour reported by Layrisse et al. (1969) in adults. In group 2 (baked soya beans), the mean absorption of Fe was 9-4 yo.
There was also a difference between the two groups in the absorption of ascorbate Fe. In group I the mean was 16.9 0 4 and in group 2, 29.2 %.
Correlation between Fe status and absorption of Fe
The results in Tables 2 and 3 suggest that in the scrics as a whole there was no evident relationship between the efficiency of Fe absorption and the H b value, concentration of serum Fe, or percentage saturation of TIBC. When the children are divided into two groups, according to whether the Hb was above or bclow IOO gil, absorption of ascorbate Fc was slightly lower in the 'anaemic' group (18.3 4.4; nine children) than in the 'non-anaemic group' (27.1 & 3.5; twenty-two children), but the difference was not significant. In Table 4 the children are again divided into two groups ; ' Fe-deficient ' and ' not Fe-deficient '. The criteria of Fe deficiency were that serum Fe was less than joo pg/l, and the saturation of TIBC less than 15 yo. The absorption of ascorbate Fe was slightly higher in the Fe-deficient group, but the difference was again not significant. 
I973
D I S C U S S I O N
I n many tropical countries malaria is a very important cause of anaemia in infancy and early childhood: this has been clearly shown in studies from the Gambia (McGregor, Williams, Billewicz & Thomson, 1966) and from Tanganyika (Draper, 1960) . Other important factors are the frequency of infectious disease and the extent of intestinal parasitism. In Jamaica, however, malaria was eradicated several years ago, intestinal helminths are rare in children under 2 years (Ashcroft et al. 1969) and infectious diseases such as measles and whooping cough are probably much less prevalent than in Africa. Yet anaemia in infants is common (Ashcroft et al. 1969) VOl. 29 the present results show that the majority of apparently healthy children from two orphanages were Fe-deficient by the criteria commonly used. There is very little information available in Jamaica on actual dietary intakes of Fe in young children, In a random sample survey undertaken more than 10 years ago in two districts, all food eaten during I week was weighed and the mean Fe intake of seventy-seven children aged 1-3 years was 5. The results of the present study indicate that anaemia in Jamaican infants is likely to arise from the very poor absorption of dietary Fc from maize, which is the staple food during early childhood. Of the modest arnount of Fe present in maizc only 4.3 yo was available for absorption in these children. This value is similar to the mean values of 5.2 and s.9y0 found for adults by Layrisse et aZ. (1968 Layrisse et aZ. ( , 1969 .
Iron absopption in infants
Soya beans are not grown in Jamaica or consumed in any amount, but soya-bean flour is a component of some welfare foods and might be a source of cxtra Fe for children. I n two studies on soya-bean flour, Layrisse et al. (1969) and Layrisse & Martinez-Torres (1971) found mean absorptions in adults of 17.9 and 6.9%. I n the present work the mean absorption of Fe from baked soya-bean flour was 9-4%, which is in reasonable agreement with the finding of Layrisse and his co-workers.
Although there appeared to be some differences in the percentage absorption of Fe from the different foodstuffs, comparison of the mean values obtained in different groups of children is of doubtful validity because the groups were not exactly matched in all respects other than in the food tested. It is well recognized that there is great variability in the Fe absorption, both between subjects and in the same subject tested on more than one occasion (Brise & Hallberg, 1962; Cook et al. 1969) . Because of this variability at least one test was done with Fe ascorbate in each child. T h e theory is I973 that a subject who absorbs Fe ascorbate poorly will also absorb food Fe poorly, and vice versa. Thus the value for the absorption of Fe ascorbate can, it is held, be used as a correction factor for the absorption of food Fe, to make the results from different subjects more closely comparable. Jn the present study the children who received boiled soya beans, for reasons which are not known, absorbed less Fe ascorbate than those in the other two groups. Therefore the groups are not strictly comparable, and absorption from boiled soya beans may be underestimated. Cook et al. (1969) attempted to get round this difficulty by calculating for each subject a ratio, food Fe absorbed: ascorbate Fe absorbed. T h e ratios were expressed as logarithms for statistical analysis, because this was found to produce a more nearly Gaussian distribution. I n the present study, however, this procedure is of no value because when the absorption of food Fe is plotted against that of ascorbate Fe, there is no evident relation between the two.
(We are indebted to the Statistical Editor of the British Journal of Nutrition for this observation.) Therefore, the values obtained with Fe ascorbate cannot be used to correct the values obtained with food Fe. It is probable that this method of correction is more useful when the tests are done simultaneously by the double isotope method, as in the work of Cook et al. (1969) , rather than at intervals of a week, as in our study.
Another difference between the groups is that rather more of the children who received boiled soya beans were Fe-deficient. However, the results summarized in Table 5 suggest that this would not necessarily reduce the absorption.
For these reasons we cannot say with confidence that the apparent differences in Fe absorption between baked soya beans, boiled soya beans and maize are real. Nevertheless, on general grounds it is likely that the amount of Fe absorbed from natural foodstuffs depends not only on the nature of the food, but also on the method of preparation. This needs further investigation. Heat treatment of soya beans has been shown to make the sulphur amino acids more available (Mickelsen & Yang, 1966) . Cysteine has also been shown to improve the absorption of dietary Fe (Layrisse & Martinez-Torres, 1971 ). There is a possibility, therefore, that heat treatment may play a useful part in improving Fe absorption.
One important cause of variability in our subjects was probably infection and fever. Recent work by Beresford, Neale & Brooks (1971) has shown that even a transient fever reduces Fe absorption to very low levels. This effect may be seen even in children who are not actually febrile when tested. Although all children have been excluded from the present study who had fever or diarrhoea at the time of any test, we have no means of knowing whether any had a febrile episode shortly beforehand or afterwards. Conditions in one of the homes were far from ideal and it is possible that in some of the children Fe absorption may have been temporarily impaired as a result of subclinical infection. One child, not included in the present series, illustrates this problem. Fe absorption from boiled soya-bean and ferrous ascorbate was nil in three tests, although she was afebrile throughout. She was only 74 % of her expected weight for height, and was therefore admitted to the ward for investigation. The erythrocyte sedimentation rate was raised to 8omm/h, but no cause for this was found. A bone-marrow examination showed a general absence of Fe stores, but some reticulo-endothelial cells staining positively for Fe, suggesting a disturbance of Fe https:/www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19730101 metabolism superimposed on a basically Fe-deficient marrow. Thc erythrocyte sedimentation rate gradually fell during the following 6 weeks to 24mm/h, and at the same time the absorption of ascorbate Fe increased. The prevalence of minor subclinical infections in young children, particularly under institutional conditions, may explain much of the variability found in duplicate tests. This example illustrates the difficulties which are encountered in comparing the absorption of Fe from different sources when the tests cannot be made simultaneously by the double isotope method.
Our results also suggest that these children face a further handicap. Adults, when Fe-deficient, usually compensate by absorbing more Fe than normal controls (Hussain, Walker, Layrisse, Clark & Finch, 1965; Cook et al. 1969; Heinrich, Bartels, Gabbe, Meineke, Nass & Whang, 1969) and this has also been found in children (Schulz & Smith, 1958a,O) . Kimber & Weintraub (1968) , however, found that absorption of hacmoglobin Fe was impaired in eight children with Fe-deficiency anaemia of predominantly dietary origin, thus reversing the pattern found in a previous study with adults (Kimber, Patterson & Weintraub, 1967) . In the present study, although infants considered to be Fe-deficient absorbed more inorganic Fe (Tablc 5 ) than normal infants, they did not always absorb more food Fe.
From the results of this work it is not surprising that there should be a high prevalence of Fe-deficiency anaemia in Jamaican children, since much of the food Fe is poorly available, and its absorption is further dcpressed by frequent minor infections.
